Introduction Request
In September 2017, the Department of Environmental Health and Safety of a university requested a health hazard evaluation about possible exposure to secondhand cannabis smoke among police officers providing security for campus concert events. The university was concerned about how exposure to secondhand cannabis smoke might affect police officers' health while they perform security and law enforcement activities.
Background
Numerous states have legalized cannabis, also known as marijuana, for medicinal or recreational use. The extent of health effects from potential occupational exposure to secondhand cannabis smoke is unknown.
Workplace
Police officers who participated in this evaluation worked in areas within and around the university's football stadium. The stadium is an open-air venue with a seating capacity of approximately 53,600. Officers were assigned to different locations and patrolled on foot, on bicycles, and in small vehicles before, during, and after concert events.
To learn more about the workplace, go to Section A in the Supporting Technical Information
Our Approach
We visited the venue on two consecutive concert days to evaluate police officers' exposure to secondhand cannabis smoke and potential health symptoms experienced during work at those concerts. We completed the following activities during the evaluation:
• Observed work processes, practices, and workplace conditions.
• Collected full-shift personal air samples and area air samples to test for tetrahydrocannabinol (THC), the active ingredient in cannabis.
• Collected preshift and postshift (preconcert and postconcert) urine samples to test for the following substances:
o THC and two other chemical markers produced when the body breaks down THC.
o Creatinine, a substance produced by the body that helps us understand the urine results.
• Collected postconcert blood samples to test for THC and the two chemical markers mentioned.
• Invited officers to complete an anonymous questionnaire asking about any potential health symptoms they may have experienced while working at the concert.
To learn more about our methods, go to Section B in the Supporting Technical Information
Our Key Findings
Measurable amounts of THC were found in personal and area air samples.
• Nineteen (66%) of the 29 personal air samples had measurable amounts of THC.
• All area air samples had measureable amounts of THC.
Small amounts of a chemical marker of THC exposure were detected in urine samples, but not in blood samples.
• We detected a very small amount of one chemical marker of THC exposure in the urine of 10 (34%) of 29 participants. The amount would not be considered positive in a routine drug screening test.
• We did not detect any THC or the other chemical marker in the urine.
• We did not detect any THC or either of the two other chemical markers in the blood.
Police officers reported experiencing some symptoms while working.
• The most common symptoms reported on the questionnaire were burning, itchy, or red eyes (31%); dry mouth (21%); headache (21%); and coughing (21%).
• The average subjective rating of experiencing a "contact high" from secondhand cannabis smoke exposure was low.
To learn more about our results, go to Section B in the Supporting Technical Information
Our Recommendations
The Occupational Safety and Health Act requires employers to provide a safe workplace.
Benefits of Improving Workplace Health and Safety:
 Improved worker health and well-being  Improved image and reputation  Better workplace morale  Better products, processes, and services  Better employee recruiting and retention  Could increase overall cost savings
The recommendations below are based on the findings of our evaluation. For each recommendation, we list a series of actions you can take to address the issue at your workplace.
We encourage the employer to use a health and safety committee to discuss our recommendations and develop an action plan. Both employee representatives and management representatives should be included on the committee. Helpful guidance can be found in Recommended Practices for Safety and Health Programs at https://www.osha.gov/shpguidelines/index.html.
Recommendation 1: Encourage police officers to report to their supervisors any symptoms they believe result from secondhand cannabis smoke exposure.
Why? The Police Department can periodically review this information to help determine whether changes in current procedures are needed. They can use this information to potentially identify trends affecting any associated health effects due to secondhand cannabis smoke exposure.
How? At your workplace, we recommend these specific actions:
Emphasize to police officers that reporting possible symptoms contributes to a healthy and safe workplace.
Recommendation 2: Assign police officers who report that they are bothered by secondhand cannabis smoke to a work location where potential exposure is believed to be relatively low or nonexistent.
Why? Individuals differ in their sensitivity and tolerance to secondhand cannabis smoke exposure. What may impact one person may have no effect on others. This variation in people can guide task/location assignments to minimize police officers' exposures who report sensitivity to the smoke.
Ask police officers if they are typically bothered by secondhand cannabis smoke exposure, and use this information when assigning them to locations during events. 
Supporting Technical Information

Employee Information
Because of the large size of the concert events, multiple agencies joined forces to provide security, including the university police department, the city police, and the county sheriffs' offices. This is typical of large-scale events. On the first day, 93 officers worked security, while on the second day, there were 83 officers. For each day, all officers were invited to participate in the HHE. On the second day, we encouraged officers to participate who either did not work on Day 1 or who worked but did not participate in the HHE. No police officers participated in the evaluation on both days.
On the second day, two employees from the university's athletics department participated who were not police officers, but assisted with security functions during the concert as needed. In total, 29 officers participated in our HHE over the two-day period, 14 officers on the first day and 15 officers on the second day.
Most (86%) participants were male, with a median age of 39 years (range 23-64 years) and a median length of tenure in law enforcement of 10 years (n = 25; range < 1-41 years). Most police officers were on duty from approximately 3:00 p.m.-11:30 p.m.
Section B: Methods, Results, and Discussion
The objectives of this evaluation were to 1. Measure the concentrations of secondhand cannabis smoke in the stadium using personal air and environmental (area) sampling methods. 2. Determine if exposure to secondhand cannabis smoke results in THC and its chemical markers (metabolites) being present in police officers' urine and/or blood plasma. 3. Describe health symptoms reported by police officers after potential exposure to secondhand cannabis smoke. 4. Provide recommendations to improve work organization factors to limit officers' potential exposure to THC while working.
Methods: Personal and Area Air Sampling Personal Air Sampling
We used an internally-developed air sampling and analysis method to measure THC on all air samples. Each officers' breathing zone was sampled using a belt-mounted personal sampling pump pulling air at a flow rate of 3 liters per minute across a 37-millimeter polytetrafluoroethylene filter cassette. The THC was then extracted from each filter cassette using 2 milliliters (mL) of a solvent made of 80% acetonitrile and 20% water. Each sample was quantified using high-performance liquid chromatography and an ultraviolet light detector. We submitted field blank cassettes, which were handled, shipped, and analyzed along with all other samples, for sampling and analysis quality control. None of the analyzed field blank samples contained THC (< 50 nanograms [ng] per field blank).
Area Air Sampling
A stationary, full-shift area air sample was collected at each of the following locations over the 2 days:
• The right side of the main stage.
• The left side of the main stage.
• The sound stage located on the field level, in the center and in front of the main stage.
• The field house: this was an enclosed structure on the upper level of the west side of the stadium, adjacent to the plaza, which was used for vendor displays and food and beverage sales. It had garage-style doors at each end that were kept open to provide natural ventilation. Although it had a heating and cooling system for climate control, no mechanical ventilation occurred during the event.
Results: Personal and Area Air Sampling Personal Air Sampling
A total of 29 full-shift personal air samples were collected across the 2 days (Table C1 ). Nineteen of these had measureable amounts of THC, while 10 samples were considered not detected (ND) because they were below the minimum detectable concentration (MDC) of 40 nanograms per cubic meter B-2 (ng/m 3 ) of air. On Day 1, THC concentrations ranged from ND to 330 ng/m 3 , while on Day 2, concentrations ranged from ND to 290 ng/m 3 .
On Day 1, the highest concentrations were measured on staff who worked at the east stadium gates and on the field level. On Day 2, the highest concentrations of THC were found on air samples from staff working in the plaza and the field house (220 to 290 ng/m 3 ) as well as on the field level (140 ng/m 3 ). The THC concentrations for staff working at other locations, on both days, were below the MDC. We did not compare air sampling results to any occupational exposure limits (OELs) set by the Occupational Safety and Health Administration (OSHA), NIOSH, or the American Conference of Governmental Industrial Hygienists (ACGIH) because none exist.
Area Air Sampling
All area air sampling results showed measureable air concentrations of THC. These ranged from 53 to 390 ng/m 3 on Day 1 and 150 to 480 ng/m 3 on Day 2 (Table C2 ). The sound stage had the highest area air concentration measured on Day 1 (390 ng/m 3 ), and the sample inside the field house had the highest (480 ng/m 3 ) on Day 2.
Methods: Biological Testing Urine Samples
We collected urine in sterile polypropylene specimen containers, immediately transferring 4 mL into silanized glass vials to measure for THC and its metabolites. We then transferred 1.5 mL into 2 mL cryovials to measure creatinine levels. The vials were frozen on dry ice and shipped to the National Center for Environmental Health's (NCEH) Tobacco and Volatiles Branch laboratory. This NCEH laboratory used an ultra-high performance liquid chromatography coupled with tandem mass spectrometry and positive electrospray ionization mode to measure the levels of the psychoactive ingredient of cannabis, THC, and two metabolites that are chemical markers of exposure: 11-nor-delta-9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH) and 11-nor-hydroxy-delta-9-tetrahydrocannabinol (OH-THC) [Wei et al. 2015] . The limits of detection for these urine analyses were 0.005 nanograms per milliliter (ng/mL) for THC, 0.015 ng/mL for THC-COOH, and 0.017 ng/mL for OH-THC.
Although we could not compare urine sample results to any OELs, we did compare urine results to standard workplace cannabis screening (50 ng/mL) and confirmation (15 ng/mL) thresholds [Swotinsky 2015] . The screening threshold is less specific and uses an immunoassay method to identify a broad group of THC and its metabolites. If a urine sample exceeds the screening threshold, it is reanalyzed using a gas chromatography-mass spectrometry test that specifically measures the level of THC-COOH [Swotinsky 2015] . These threshold values are the minimum concentrations that must be present in a urine specimen for it to be considered a positive result. Urine thresholds are used as markers of exposure and not as markers of health effects.
Urine specimens were also analyzed for creatinine, which is an indicator of the degree of urine dilution. All urine samples were creatinine-corrected to measure changes in urine concentration over the shift. We then calculated the change of THC-COOH concentration measured in the urine from preshift to postshift to determine if THC-COOH levels increased, decreased, or remained the same across a shift.
Blood Samples
Each blood sample was drawn into a 6-mL lavender top ethylenediaminetetraacetic acid (EDTA) tube and centrifuged to separate the plasma from the other blood constituents. From each sample, 1.5 mL of plasma was removed and placed into a separate cryovial. These blood plasma samples were then frozen on dry ice and shipped to a contract laboratory that used high performance liquid chromatography coupled with mass spectrometry to detect THC, THC-COOH, and OH-THC. The limits of detection for the blood plasma analyses were 0.5 ng/mL for THC, 5.0 ng/mL for THC-COOH, and 1.0 ng/mL for OH-THC.
We compared blood plasma results to a threshold used by some law enforcement agencies during for cause (reasonable suspicion) drug testing, which is 5 ng/mL of THC in the whole blood [Governors Highway Safety Association, no date]. We could not compare blood results to any OELs because none exist. Like urine, blood thresholds are generally used as markers of firsthand exposure. However, a recent study by Cone et al. [2015b] showed that secondhand cannabis exposures may result in quantifiable blood THC levels.
Results: Biological Testing
Fourteen individuals participated in biological (blood plasma/urine) testing on Day 1 and 15 on Day 2, leading to a total of 58 urine samples and 29 blood plasma samples.
Urine Samples
We did not detect THC or OH-THC in any of the 58 urine samples. However, we did detect small amounts of THC-COOH in the urine of some individuals. A summary of the urine sampling results for raw (creatinine uncorrected) THC-COOH values is shown in Table C3 , and the creatinine-corrected results are shown in Table C4 . We found detectable THC-COOH (all < 1.0 ng/mL) in 15 of 58 (26%) urine samples (these 15 samples were among 10 individuals). All THC-COOH levels were well below any screening (50 ng/mL) or confirmation (15 ng/mL) thresholds used for workplace drug testing. We detected levels of THC-COOH in the urine more frequently in samples collected on Day 2 (14 of 15 detectable results from 9 participants) than on Day 1.
Nearly all individuals (90%) with detectable levels of THC-COOH in their urine had levels that increased across their work shift. These across-shift increases were small, ranging from less than 0.001 to 0.082 nanogram per milligram (ng/mg) of creatinine.
Blood Samples
We did not detect THC, THC-COOH, or OH-THC in any of the blood plasma samples.
Methods: Medical Questionnaire
Participants completed a postconcert questionnaire asking about demographic information and whether (yes, no, or unsure) they experienced any symptoms or sensations consistent with cannabis intoxication during their work shift [APA 2013; DEA 2017; NIDA 2018] .
We asked participants, "On a scale from 0 (not at all) to 10 (very much), how would you rate your perception of experiencing a 'contact high' from exposure to secondhand cannabis smoke during tonight's concert?" Responses of 0-3 indicated a low perception of cannabis intoxication, 4-6 indicated B-4 a moderate perception of cannabis intoxication, and scores of 7 or greater indicated a high perception of cannabis intoxication.
We also asked participants to rate their perceived level of secondhand cannabis smoke exposure during the past 30 days (none, mild, moderate, or severe) and whether they lived with a cannabis user (yes/no).
Results: Medical Questionnaire
Twenty-nine questionnaires were completed and analyzed. Table C5 shows the frequency of responses to whether the participants perceived experiencing any symptoms or sensations of cannabis intoxication during their work shift. The most commonly reported symptoms were burning, itchy, or red eyes (31%); dry mouth (21%); headache (21%); and coughing due to lung irritation (21%).
The average rating of perceived cannabis intoxication was 1.6 (range 0-9), indicating low perceptions by participants. On the basis of individual perceived cannabis intoxication ratings, 24 (83%) indicated a low level of perceived cannabis intoxication, 4 (14%) indicated a moderate level of perceived cannabis intoxication, and 1 (3%) indicated a high level of perceived cannabis intoxication.
In terms of past potential exposure to secondhand cannabis smoke, 66% (n = 19) of participants reported no exposure to secondhand cannabis, and 34% (n = 10) reported mild exposure to secondhand cannabis smoke in the past 30 days. No participant reported moderate or severe secondhand exposure in the past 30 days. One participant reported living with a regular cannabis user.
Discussion
In both personal and area air results, we measured higher levels of THC in some areas of the stadium compared with other areas. For example, personal THC air exposures to officers working around the east gates, the field house, and the field level areas were generally higher than those working in the vendor area, the main gate, bike patrol, backstage, and headquarters (a building located across the street from the stadium), among others. However, these differences varied from Day 1 to Day 2, most likely due to the amount of smoking in the area, and the magnitude and direction of ambient wind currents.
We examined the air sampling and biological data to determine whether any patterns emerged, but none were found. For example, there were instances where officers were working in areas where THC was detected in the air, but the officers' blood plasma and urine results did not contain the THC metabolite THC-COOH. Conversely, in stadium areas where THC was not detected in the air, urine results from some officers showed detectable amounts of this THC metabolite.
The pharmacokinetics of cannabis and its metabolites are complex. The psychoactive component of cannabis smoke, THC, is rapidly absorbed in the lungs after exposure and is distributed throughout the body. THC is fat soluble and enters into fat (adipose) tissue, the brain, the liver, and the spleen. In the liver, THC is metabolized to OH-THC, which is subsequently metabolized to THC-COOH. THC that has been distributed to tissues other than the liver is slowly released back into the blood, where it circulates and is ultimately metabolized and excreted in the feces or urine. THC-COOH can be reliably measured in the urine during excretion to determine if an individual has recently used or been exposed to cannabis [Musshoff and Madea 2006] .
B-5
The slow release, recurrent metabolism, and long half-life of THC-COOH (approximately 140 hours) allows for THC and its metabolites to be dependably detected by workplace screening tests for approximately a 30-day period. Some officers that participated on Day 2 of our evaluation had worked the concert the day before. These officers could have been exposed to secondhand cannabis smoke on the first day that could have resulted in a detectable THC-COOH level in the urine on the second day. This may have contributed to a larger number of officers having detectable levels of THC-COOH in the urine on Day 2 (9) than Day 1 (1).
We found that nearly all individuals (9 of 10) with detectable levels of THC-COOH in urine had creatinine-corrected levels that increased across the shift. Such a finding indicates that exposure was occurring during these concerts. However, the amount of cannabis exposure was very small and would not be considered positive on typical workplace drug screening tests.
Historically, studies in the 1980s showed that it was highly unlikely for a nonsmoking person to unintentionally inhale enough secondhand cannabis smoke to cause a positive drug test [Cone et al. 1987; Law et al. 1984; Perez-Reyes et al. 1983] . These studies characterized exposures to secondhand cannabis smoke in laboratory settings using low-potency cannabis strains (less than 3% THC), and often in extreme circumstances (e.g., a small, unventilated room where 16 cannabis cigarettes were smoked). Currently, cannabis strains circulating in the United States routinely exceed 10% THC [ElSohly et al. 2016] . Cone et al. [2015a] identified one individual who exceeded the screening threshold of 50 ng/mL THC-COOH for urine, thus confirming the possibility that secondhand cannabis smoke exposure can result in levels exceeding workplace screening tests. Researchers have begun to characterize whether exposure to secondhand cannabis smoke with a higher concentration of THC results in higher levels of THC, THC-COOH, and OH-THC in blood and urine [Cone et al. 2015a,b; Herrmann et al. 2015] . However, these studies continue to evaluate exposures in a controlled, laboratory setting, which may not be representative of typical workplace environments. Thus, we sought to characterize if exposure to potentially higher THC concentrations in a workplace environment could result in measureable levels of THC in the urine and blood plasma.
To evaluate acute or recent exposures and possible impairment, testing of whole blood or blood plasma is preferred over urine testing. Whole blood testing is more commonly used than blood plasma in workplace screening tests. We elected to test the blood plasma because the method can reliably detect levels that are half that which is present in whole blood, thereby making it a more sensitive method. Despite using the most sensitive method, we did not identify any samples that contained THC, OH-THC, or THC-COOH in the blood plasma.
The identification of low levels of THC-COOH in the urine and the absence of all THC constituents in the blood plasma is likely due to the difference in the limits of detection for each test. Detectable levels in the blood plasma were considerably higher than those in the urine, with urine results detecting metabolites at levels at or below 0.017 ng/mL. For example, the limit of detection for THC-COOH in the blood plasma samples was over 300 times higher (5 ng/mL) than it was for urine testing (0.015 ng/mL). Regardless, the limits of detection for both urine and blood plasma were well below B-6 drug screening thresholds and would detect levels approaching the "positive" cut-off values used during current drug testing protocols.
Some scientists and legal authorities associate blood THC levels with impairment. For example, law enforcement agencies in Colorado, Montana, and Washington use a whole blood level of 5.0 ng/mL as evidence that a driver is intoxicated from cannabis use [Governors Highway Safety Association, no date]. Our blood plasma testing revealed that on the days of our evaluation, participant levels did not approach this threshold. Therefore, they were not exposed to THC at concentrations associated with impairment. This finding is supported by low levels of perceived "contact high" and limited symptom reporting during our evaluation.
Limitations
This evaluation was subject to the following limitations:
• We were unable to determine exact times during the concert that officers experienced cannabis exposure. Because THC in the blood plasma is highest within minutes of an exposure while urine levels peak within hours of exposure, it is possible that an exposure early in the concert would decline in the plasma matrix, but would not result in sufficient metabolism of THC to be detected in the urine.
• The questionnaire responses were based on self-reporting of subjective perceptions of experiencing a "contact high" or other symptoms consistent with exposure to secondhand cannabis smoke. Because the questionnaire was anonymous, we were unable to clarify any responses or ask follow-up questions once the responses were analyzed. For example, we were not able to follow up with one participant who reported a high level (9 on a scale of 10) of perceived cannabis "contact high," despite discordant responses to other questionnaire items and contradictory air and biological results, all of which did not detect any THC. Also, while the symptoms reported are associated with cannabis intoxication, they are non-specific and may be attributed to other factors.
• We had 15%-18% of on-duty police officers participate in this HHE. This limited participation restricts how generalizable our findings are to the entire group of police officers working at this or other similar events.
Although responses to the questionnaire were anonymous, because the participants were police officers, they may have felt the need to respond to the questionnaire items in a socially desirable manner to avoid any questioning of their fitness for duty.
Conclusions
Exposure to THC in air did occur for some officers, but the magnitude of these exposures were very low. Similarly, very low levels of THC-COOH was found in the urine of some officers. To our knowledge, this is the first evaluation examining occupational exposure to secondhand cannabis smoke in a real-world, open-air setting. Given this scenario, coupled with the absence of OELs, drawing definitive conclusions about exposure and biomonitoring data are challenging.
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Section C: Tables   Table C1. Results of C-3 *We asked about additional symptoms/sensations, which were not reported by any officers. These included impaired coordination, impaired judgement, social withdrawal, altered senses, inappropriate or excessive laughter, feelings of superiority or invincibility, feeling "sluggish" or lazy, impaired short-term memory, difficulty with thinking and problem-solving, mood changes, paranoia, increased sociability, shallow breathing, cold or hot hands and/or feet, increased introspection or self-reflection, slurred speech, feeling a loss of control or panic, and confusion. †n = 28
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